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Abstract

:

The two naphthol isomers were investigated in different organic solvents by taking cyclic voltammograms, and fouling took place on a platinum electrode surface, except for dimethyl sulfoxide and dimethyl formamide. Studies in allyl alcohol rarely used in electrochemical investigations pointed to the importance of the carbon–carbon double bond as electrode deactivation was remarkably faster compared with its saturated analog solvent. Similarly, the use of the other unsaturated solvent mesityl oxide in the electropolymerization of naphthols resulted in different findings compared with methyl isobutyl ketone. As dimethyl formamide was the best choice concerning the solubility of products, it was successfully tested in electrode renewal after deactivation in an aqueous solution. The increase in dimethyl formamide content led to more and more improved reproducibility of the currents of the outlined aromatic compounds. Naphthol isomers were assessed in the suppression of layer growth originating from the electrooxidation of another monomer phloroglucinol. Its simultaneous electrooxidation with naphthol monomers had a dramatic effect on layer morphology and it was found that instead of a coherent organic layer originating from the homopolymerization of phloroglucinol, the copolymerization with naphthols led to the development of more porous and rougher deposits. The suppressed electropolymerization thus increased sensitivity towards a chosen redox active compound, 4-methoxyphenol.
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1. Introduction


Naphthols are a focus of interest in many organic syntheses, so they are widely applied not only in chemical but electrochemical preparations. The family of these compounds has similar electrochemical behavior as phenols, as the compounds undergo irreversible oxidation during the anodic polarization of electrodes, producing naphthoxyl radicals and leading to polymerization on their surfaces. It has been reported that in acetonitrile, a conducting polymer can be formed from 1-naphthol on glassy carbon [1]. This interesting finding usually observed in acetonitrile solvents can be attributed to the fact that the structural analyses of deposits demonstrated the presence of alternating furan and naphthoxyl moieties along the polymeric backbone connected by ether linkages. The related potentiostatic curves after the fast current drop by starting an experiment usually observed by each surface blocking the currents passed through a maximum and this indicated that an electronic polymer formed. Both the speed of reaching the maximum and their heights increased significantly by changing the deposition potential from 1.1 to 1.3 V due to the enhanced nucleation rate. As in the case of numerous other monomers, basically two layers formed. One of them is a bottom layer adhering strongly to the electrode surface and an outer layer easily removable mechanically. An important property of the electronically conducting polymers is the stability towards the charging/discharging process when doping anions migrate into and from the deposit bearing the positive charges in the oxidized form. In that work, the cyclic voltammograms were repeated in acetonitrile containing a tetrabutylammonium perchlorate (TBAP) supporting electrolyte which was also used in the deposition experiments. The peak currents declined after a lot of cycling repeating to a steady value indicating that this is not a degradation, but rather that a polymer rearrangement takes place.



In contrast, in methanolic alkaline solutions poly(naphthalene oxide) can be produced without furan rings, but the polymers formed in aqueous alkaline solutions also have identical properties [2]. The polymer backbone also contains furan rings, as the deprotonated hydroxyl groups are able to act as a nucleophilic reactant as the FT-IR studies showed. Ketone groups could be also detected. As it was observed generally, C-C bonds formed in parallel to many ether linkages, and as a matter of fact, it made the development of ketone groups possible. For the linkages, the ortho and para positions were favored inside the ring bearing the hydroxyl group. Obviously, these linkages were responsible for the propagation of polymer growth. These structural characteristics were observed in the case of both poly(1-naphthol) and poly(2-naphthol).



Apart from solution pH, the dependence on the nature of presenting functional groups attached to the naphthalene ring in naphthol molecules can strongly influence electrochemical behavior [3]. For example, 5-amino-1-naphthol electropolymerized only through the –OH groups, while in acidic conditions this occurred through the amino groups exclusively, as no C-O-C coupling could be detected. The aniline part is present in this molecule; thus, it electropolymerizes with the same mechanism as aniline, leading to favorable conducting properties. On the other hand, the low anodic potential is enough for the oxidation of aromatic amino groups in acidic conditions. Organic layer adherence was higher in water than in acetonitrile. To demonstrate the popularity of 5-amino-1-naphthol in electropolymer preparation, its deposit was deeply investigated with resonance Raman spectroscopy [4] also verifying its conducting nature through the observation of imine groups. Its electropolymer also has an electrochromic character [5] and excellent reversible redox properties in acidic conditions [6]. With this monomer, electrodeposition experiments were carried out both in acidic aqueous and acetonitrile solutions, and the conductivity of film grown in acetonitrile was approximately three orders of magnitude lower, showing the importance of acidic conditions [7].



As another naphthol derivative naphthol, Green B is also widely investigated due to the favorable properties of its film and as the modifier of carbon paste electrode contributed to the simultaneous determination of dopamine and uric acid [8]. A similarly modified carbon paste electrode showed excellent capability for simultaneous quantification of paracetamol and norepinephrine [9] and catechol and hydroquinone [10]. A modified glassy carbon electrode with the polymer of naphthol Green B showed promising detection ability towards NADH [11]. The as-modified graphite pencil electrode proved its usefulness in the determination of dopamine in the presence of uric acid [12].



Conducting films were also formed from monomers 1,1′-binaphthyl and 1,1′-bi-2-naphthol in CH2Cl2 by adding boron trifluoride diethyl etherate, and the latter compound was highly responsible for the elevated electric conductivity [13]. The couplings formed at the α-positions of the naphthalene rings. Polymers deposited in those conditions showed favorable fluorescence properties attributable mainly to the naphthalene rings. Similarly advantageous fluorescence properties can also be attributed to the polymers formed from 2,2′-binaphthyl ether [14] by using boron trifluoride diethyl etherate as an additive in the sulfuric acid solution. The couplings were built in the α- and C6-positions. The polymer seemed to be a good candidate for use in optoelectronic devices.



In the majority of cases, low electronic conductivity polymers form from 1-naphthol and from their numerous derivatives, and this is always true for 2-naphthol [15,16]. Different modes of nucleation for phenol and 2-naphthol take place on gold electrodes in aqueous alkaline solutions [17].



The permselectivity of films originating from the electrooxidation of naphthols was utilized in enzyme immobilization, with high importance in biosensor applications. Poly(2-naphthol) was particularly useful in this respect [18]. It is usually observed that the latter polymer has high permselectivity [19]. The bilayer membrane consisting of polypyrrole and poly(2-naphthol) showed excellent anti-interference properties in the simultaneous determination of choline and acetylcholine [20]. The immobilization of a heteropolyacid anion was successful in acetonitrile [21], but the distribution of the anion was not homogeneous in poly(1-naphthol).



Copolymerization studies were also carried out with naphthols. For example, Rehan et al. found that 1-naphthol and methyl naphthyl ether presenting in the same methyl naphthyl ether solution had a suppression effect on the polymerization of 1-naphthol [22], but in parallel to this process copolymers also formed. However, poly(1-naphthol) has superior conductivity in the doped form with ClO4− ions which can be attained by oxidation, and incorporation of methyl naphthyl ether units in the polymer backbone does not destroy the electronic conductivity.



In this work, the electrochemical behavior of the two naphthol isomers is described in various non-aqueous solvents as their studies were carried out in a few organic solvents including acetonitrile which is the most common due to its wide potential window and chemical inertness. These studies aimed at the electrodeposition of poly(naphthols) and earlier investigations showed that the electrochemistry of a certain compound can be very different depending on the solvent. This offers further possibilities for applications. On the other hand, due to the analytical importance, the majority of studies of naphthols were carried out in aqueous systems, as at very low concentrations compounds susceptible to electrochemical polymerization cannot foul the electrode. The studies of aqueous systems are also extended herein to electrode regeneration studies and the usefulness of dimethyl sulfoxide as a solvent in the suppression of electrochemical polymerization of a typical phenolic compound phloroglucinol caused by naphthols. The resulting poly(naphthol) layers were also assessed in the voltammetric analysis of 4-methoxyphenol by comparing the peak heights obtained with a polymer-modified electrode with that measured with the bare electrode.




2. Results and Discussion


2.1. Studies with the Naphthol Isomers in Different Non-Aqueous Solvents


In earlier studies, we found that the electrochemical behavior of aromatic hydroxyl compounds differs depending on the solvent. Such a typical compound was pyrogallol, as its voltammograms were highly reproducible in some non-aqueous solvents, so they enabled the quantification of this compound in apolar real samples [23]. To elucidate the solvent-dependent electrochemical behavior, similar studies were also carried out with the naphthol isomers, taking the voltammograms between 0 and 2 V and inserting stirring between the scans by moving the working electrode by hand for restoration of concentration in the vicinity of the platinum surface (Figure 1). Where the peak appeared, the peak current was taken into account, but in several cases, the peak was embedded into the background current of the electrolyte, so in this case the shoulders were utilized for evaluation. Their behavior differed markedly in acetonitrile as the increase in current peaks in the case of 1-naphthol indicated the formation of a polymer with a conducting nature in accordance with the results of Abd El-Rahman [1]. The formed deposit from 1-naphthol was investigated in acetonitrile containing only TBAP, and similarly to that earlier work, the same rearrangement took place in the film, also presenting on a platinum electrode. An insulating polymer formed during the electrooxidation of 2-naphthol was shown by a decrease in peak currents. Acetone was only appropriate for the preparation of poor electronic conductivity polymers and the thickness was not high as almost nothing was noticeable with the naked eye, in contrast to acetonitrile where a black deposit formed from 1-naphthol.



Dimethyl formamide (DMF) and dimethyl sulfoxide (DMSO) proved excellent concerning signal reproducibility, as due to the favorable solvation of the product oligomers, fouling could be avoided. In general, these two solvents are very appropriate for a huge number of organic compounds to dissolve them [24,25,26,27,28] and this is true also for naphthol polymers as the results here also confirm. The rate of deactivation could be only slightly decreased in 1-propanol, showing a high affinity of solvent molecules to solvate the formed oligomers, but it depends on the length of the aliphatic carbon chain (see Figure 1c for 1-pentanol solvent). This last observation suggests that increasing the alkyl chain length destroys the solvation properties of alcoholic solvents. Currents of 2-naphthol are higher as its anodic peaks appeared at more positive potentials by the involvement of higher background currents due to the solvent.



As allyl alcohol has received poor attention as a solvent in electrochemical studies, it came into focus for this applicability. However, this alcohol has versatile usefulness in other areas. The voltammograms are seen in Figure 2 to compare it with its saturated analog 1-propanol. There is a high difference in the shape of curves, as after the appearance of the peaks, currents drop remarkably in ally alcohol, while in 1-propanol the elevated background currents are more clearly seen by enhancing the anodic potential. In the vicinity of the electrode surface, allyl alcohol molecules contribute to the development of a more coherent network due to their assistance in leading to copolymerization, and a part of them remains there. So, organic film growth runs with a different mechanism in allyl alcohol as its molecules can insert between the naphthoxyl units as demonstrated in [29]. As the oxidation potential of 1-naphthol is lower, some film rupture occurs, indicated by the second peak. It was very remarkable when allyl alcohol was the solvent as the fouling was accelerated by both naphthol isomers. On the other hand, the height of current peaks of the first measurements was obviously higher compared with 1-propanol. The viscosities of 1-propanol and allyl alcohol are practically the same, so in 1-propanol the diffusion-limited currents are not characteristic of the pure solvent which is the fastest mass transfer in unstirred solutions. These facts are more visible in the voltammograms than in Figure 1 where only peak currents are displayed, mainly due to the wider scale adjusting to currents measured in other solvents. It is suggested by the results in 1-propanol that the hindering effect of the forming polymer is reproduced with a slight decline due to some residual product arising from the previous scans. The difference observed in allyl alcohol arises from the carbon–carbon double bond being able to form a copolymer with the electrochemically generated radicals from the substrate and taking into account the voltammetric data this solvent contributed to the formation of deposits with a smaller network nature than in 1-propanol. This is the cause for the obtained higher peak currents in the first and second scans as it suggests the formation of a less compact layer in the time interval of peak appearance than in 1-propanol which immediately covers the surface of the electrode. In earlier work, the opposite was demonstrated by phenol as the speed of deactivation was approximately the same as in 1-propanol [29]. Optical images also demonstrated this fact.



However, some earlier investigations showed that dichloromethane can serve as a good solvent for the preparation of stable films from derivatives, but contrarily the maximum currents for the naphthol isomers did not show a decreasing tendency (Figure 1d). The currents show some scattering and low increasing tendency, but it cannot be stated that the polymers have a conducting nature. This can be excluded especially due to the fact that the electrode surface remained practically as shiny as before electrodeposition. Similar polymers developed in CH2Cl2, but their favorable solvation in this solvent prevented the propagation of film growth.



Electropolymerization of phenol led to markedly different results when mesityl oxide and methyl isobutyl ketone were used as solvents, as published in an earlier work [30]. The differences between the two solvent molecules originate from the carbon–carbon double bond found in mesityl oxide which is responsible for the identical properties and composition of deposits. Similarly to allyl alcohol, in mesityl oxide the insertion of solvent molecules takes place between the naphthoxyl units. The earlier works with phenyl ethers highlighted that peak currents tended to a steady-state value above the value of the first scan and structural properties in accordance with it were seen through optical images [31]. Figure 3 shows the remarkable differences between the two isomers and the two solvents where the subsequent cyclic voltammograms can be seen taken between 0 and 2 V and between 0 and 2.5 V, adjusting the potential window to the appearance of anodic peaks where they showed up. Earlier, we found generally that the electrode deactivation is faster in methyl isobutyl ketone than in mesityl oxide. Here in the case of the naphthol isomers different results were obtained. The voltammograms show that the speed of deactivation was smaller for 1-naphthol in both solvents, suggesting a less compact layer developed during the electrochemical polymerization than for 2-naphthol. In contrast, the scanning optical images reveal only small islands of polymers formed in methyl isobutyl ketone resulting from electrooxidation of 1-naphthol (Figure 4). Continuous deactivation took place by taking the 10 repetitive cyclic voltammograms. In the case of 2-naphthol, nothing was seen on the platinum surface. This contradiction is due to the dissolution of anodically formed polymers during the subsequent soaking in the pure solvent. This latter step is essential for the complete removal of unreacted substrates and residual supporting electrolytes from the surface, as after solvent evaporation they could be able to build up islands and then be seen as islands in the micrographs. From the polymer of 1-naphthol, some islands remained but the polymer of 2-naphthol accumulated at some places in the form of large islands which was also checked by microscopy. This suggests that the electropolymer of 2-naphthol binds less strongly to the platinum surface in non-aqueous solvents which is in contrast to aqueous solutions. However, the fouling in solution of 1-naphthol prepared with mesityl oxide is continuous and not very fast, suggesting that the forming polymer has a low conductivity in contrast with acetonitrile due to the insertion of solvent molecules during the radical polymerization. In solutions of 2-naphthol, the peak currents fell to a small value in the second scan compared with the first one.



The microscopic results confirm that visible film deposition occurred in mesityl oxide which was obvious for 1-naphthol.At first glance, it seems coherent. A lot of densely packed small islands were characteristic of 2-naphthol. Together with the voltammetric results, it can be concluded that the deposit of 1-naphthol releases the monomers better than that of the other isomers.




2.2. Effect of Dimethyl Formamide Solvent on Electrode Renewal


It was shown in the previous section that dimethyl formamide was one of the solvents where the current signals were highly reproducible. As naphthols have low solubility in water, it is interesting to investigate from the viewpoint of polymer electrosynthesis and electroanalysis how a miscible organic solvent affects their behavior where their solubilities are excellent. Therefore, its addition to water as a co-solvent was carried out to assess the effect of its ratio on peak current reproducibility. The two parts of Figure 5 show that increasing the ratio of DMF in the mixed solvent dramatically improves the signal reproducibility, and at ratios higher than 70 v/v% for 1-naphthol and above 50 v/v% for 2-naphthol it is excellent. The removal of polymeric products of 2-naphthol by solvation is easier due to the presence of the non-aqueous co-solvent in accordance with the previous findings. On the other hand, the application of solvent mixtures is not useful in electroanalytical procedures for the determination of naphthols, as for good reproducibility the predominance of a non-aqueous solvent is needed.



In studies carried out in pH 7 aqueous solutions, the concentration of naphthols was 1 mM, respectively. This concentration is close to their solubilities in water. Without any cleaning step in the second voltammogram, an anodic peak did not show up at all by either substrate, indicating the high degree of electrode fouling as observed generally as an irreversible and rapid fouling process [18]. Previously, it was found that in solvents with high DMF content, the formed oligomers were dissolved, so its ability to remove polymers developed in aqueous solutions was also assessed. The insertion of one-minute soaking periods into two scans significantly renewed the surface of platinum after the anodic polymerization steps (Figure 6). There was a discrepancy with the observations in DMF–water mixtures, as longer immersion times were not enough for the complete renewal in pure DMF, but its solvation properties proved excellent for polynaphthols. The reason might be that in an aqueous environment, due to the scarce solubility of polymers with higher molecular weight remaining at the electrode, more radicals can join to the forming polymer. So, more time was needed for solvation by DMF molecules. Two minutes and longer immersion periods were already enough to restore the initial surface state, and ultrasonication made the necessary time shorter.




2.3. Suppression Ability of Naphthols in Electropolymerization of Selected Organic Monomers


Dimethyl sulfoxide was the other solvent where the naphthol isomers did not show any significant electrode fouling. There are some phenols that undergo electrochemical polymerization in each solvent in the absence of additives. This solvent has on the other hand outstanding properties as shown earlier with polyaniline composite film [32]. A thick and porous film formed in it, composed of poly(phenyleneoxide) which is not characteristic of many other non-aqueous solvents. Typically, such a compound is phloroglucinol so this polyhydroxy phenol was studied together with naphthols in dimethyl sulfoxide. The reason for this choice was that theoretically poly(phloroglucinol) can bind other organic molecules also through hydrogen bonds due to the two hydroxyl groups found per monomer unit. The third hydroxyl group disappears during the anodic polymerization and then it will be involved in the ether linkages. The scanning electron micrographs of poly(phloroglucinol) can be seen in Figure 7 deposited from the 50 mM phloroglucinol solution. The micrograph clearly demonstrates (part a) that a coherent deposit forms from phloroglucinol, and parts b and c show that polymers with different structures grow when the naphthol isomers are also present in solution, respectively. On the other hand, scratches on the electrode surface are hardly seen in the micrographs, with visualizing the thickness of deposits also being characteristic of co-deposition with naphthols. The differences upon the addition of naphthols to the electrolysis solution were clearly seen also with the naked eye through the change in intensity of brownish color as a consequence of film thicknesses. Colors originating from light interference were further indicators of the thicknesses. From solutions where copolymerization occurred with naphthols, rougher deposits formed, clearly demonstrated by the micrographs and holes also developed which are deeper due to the copolymer of 2-naphthol. The copolymerization improves the solvation properties of products so a higher percentage will be removed by dissolution. As a consequence, thinner layers remain on the electrode than the thickness of poly(phloroglucinol). By elucidating the observations, it can be concluded that the radicals formed from naphthols quench the electropolymerization of phloroglucinol, leading to the growth of shorter polymer chains and naphthoxyl moieties, and significantly improving their solubilities. The remaining part with a rougher surface and structure with higher porosity consists mainly of units originating from phloroglucinol.



The above observations allow the consequences that copolymerization has on the electrode to be more accessible to other molecules. Similar observations demonstrated in an earlier work [33] that 4-chlorophenol is an appropriate suppressor of phenol electropolymerization. This latter result in the findings herein indicates that if one of the studied monomers is not susceptible to fouling alone in the respective solvent, it will dramatically prevent the film growth from the other monomer.



The electrodeposited layers of naphthols were examined from the viewpoint of analytical usefulness by using 4-methoxyphenol as a redox active material. This phenol derivative has a significantly lower susceptibility to fouling compared with the majority of the other derivatives when it is electrochemically oxidized. A 5 mM solution was prepared from it with acetonitrile and another 5 mM aqueous pH = 7 solution buffered with 0.05 M phosphate buffer. In these conditions, 4-methoxyphenol provides reproducible voltammetric signals, so heights of linear sweep voltammetric peaks were compared with those obtained with the bare platinum electrode by normalization, leading to the values of the recoveries.



The anodic peak current recoveries in Table 1 show remarkably that in a non-aqueous acetonitrile solvent, the peak currents are higher generally than in an aqueous solution. This indicates that the films have a predominantly apolar nature. In solvents where MIBK and MZO built layers of 1-naphthol, the recoveries are close to the values obtained with a bare electrode, and moreover, some accumulation occurred. The dependence on a number of deposition scans is more significant for 2-naphthol in the aqueous phase, and smaller values were characteristic in acetonitrile. These observations show the higher accumulation ability of 1-naphthol-based films, and micrographs show that the cause is the higher density of polymer particles and higher porosity. The recovery values approximating 100% in aqueous solution in the case of films deposited from MIBK are in accordance with the microscopic findings as there is a large area on the platinum surface freely available for the 4-methoxyphenol molecules. It implies, together with the SEM results, that the ketone groups presenting in the oxocompound solvents have a significant role in coiling the deposit, concentrating it in islands, forming organic matter that remains on platinum after all washing pretreatments.



The really surprising results came from the film growth suppression studies in dimethyl sulfoxide solvent used for deposition. The homopolymer of phloroglucinol has significant resistance towards the electrooxidation of 4-methoxyphenol independently of the number of voltammetric scans. On the contrary, when the deposition was repeated together with naphthols, accumulation could be observed when a few scans were applied. By thickening the films, a higher diffusion resistance developed. These findings verify that the rougher surface and development of chambers underneath the deposits improve the accumulation ability of films.





3. Materials and Methods


The purity of all chemicals used corresponded to spectroscopic and HPLC grade, and they were used as received. The platinum disc working electrodes have 1 and 3 mm diameters, and the platinum wire counter and silver wire reference electrode (in aqueous systems saturated calomel) were embedded in the solutions building up a three-electrode cell and connected to a potentiostat (Dropsens, Spain, Oviedo). Before all investigations, the surface of the platinum disc sealed in polyetheretherketone was cleaned by polishing with alumina on a polishing cloth (eDAQ). This cleaning procedure was followed by thorough washing with tap water and then with deionized water. Due to studies in non-aqueous systems, the disturbance of water traces should be minimized, so before use, the final cleaning step was rinsing with dry acetone. An apolar supporting electrolyte, tetrabutylammonium perchlorate (TBAP), was used, and in aqueous solutions, 0.05 mol/L pH = 7 phosphate buffer was used.



The microscopic images of certain deposits were acquired with a scanning electron microscope (Jeol JSM-IT500HR (Jeol, Tokyo, Japan)) at the highest magnification. Before depositing such layers, the platinum electrodes were cleaned thoroughly in an ultrasonic bath, washed thoroughly with deionized water, and finally with dry acetone to remove everything from the metal surface as completely as possible, making them ready for use. In the evacuated chamber of the microscope, the electrodes were fixed upright in a specific holder at their top with the deposited layer.




4. Conclusions


The investigations showed that the anodic behavior of naphthols is very different depending on the solvent. The copolymerization studies in the two good solvents for the oxidation products (dimethyl sulfoxide and dimethyl formamide) demonstrated strong suppression ability towards electropolymerization of other monomers. Controlled layer growth under suppression can serve as a promising route for electrode modification to enhance sensitivity towards certain analytes.
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Figure 1. Anodic peak currents of 1-naphthol (a) and 2-naphthol (b) in different non-aqueous solvents (c = 20 mM, supporting electrolyte 50 mM TBAP), (c) is related to peak currents recorded in 1-pentanol, and (d) in CH2Cl2. 
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Figure 2. Cyclic voltammograms for 1-naphthol (a) and 2-naphthol (b) in 1-propanol (c = 20 mM, c(TBAP) = 50 mM, in inset graphs: curves taken in allyl alcohol). 
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Figure 3. Ten successive cyclic voltammograms for 1-naphthol (a) and 2-naphthol (b) in mesityl oxide (inset graph: in methyl isobutyl ketone) (c = 20 mM, supporting electrolyte 50 mM TBAP). 
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Figure 4. Scanning electron micrographs of layers after 10 successive voltammograms for 1-naphthol electropolymer deposited from MIBK (a), 2-naphthol from MIBK (b), 1-naphthol from MZO (c), and 2-naphthol from MZO (d) (c = 20 mM, supporting electrolyte 50 mM TBAP). 
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Figure 5. Normalized peak currents for different v/v% dimethyl formamide in solutions mixed with water containing 1 mM 1-naphthol (a) and 1 mM 2-naphthol (b) (v = 0.1 V/s, supporting electrolyte 10 mM TBAP). 
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Figure 6. Repeated voltammograms in aqueous solutions containing 1 mM 1-naphthol (a) and 2-naphthol (b) adjusted the pH to 7 with 0.05 M phosphate buffer (black curve: initial scan, red curve: scan after the first immersion and 1 min immersion in DMF, blue curve: scan after the second one and an additional 1 min immersion in DMF). 
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Figure 7. Scanning electronic microscopic images of electrodeposited film from 50 mM solution of phloroglucinol prepared with dimethyl sulfoxide (a), in the presence of 50 mM 1-naphthol (b), and in the presence of 50 mM 2-naphthol (c). 
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Table 1. Normalized 4-methoxyphenol peak current recoveries for the different deposits in aqueous and organic solvents (1-NP: 1-naphthol, 2-NP: 2-naphthol).
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Deposit

	
1st CV

	
2nd CV

	
3rd CV

	
10th CV




	

	
Org.

	
Aq.

	
Org.

	
Aq.

	
Org.

	
Aq.

	
Org.

	
Aq.






	
1-NP MIBK

	
107.6

	
89.2

	
107.7

	
81.1

	
105.8

	
54.5

	
104

	
36.3




	
2-NP MIBK

	
96

	
52.4

	
94.1

	
49.4

	
94

	
47

	
94.4

	
46.4




	
1-NP MZO

	
109

	
86.3

	
111.1

	
78.9

	
108.7

	
45.4

	
100.5

	
41.4




	
2-NP MZO

	
92.6

	
60

	
91.6

	
49.6

	
91.5

	
46.6

	
99

	
42.2




	
FLO

	
81.9

	
89.9

	
91.7

	
89.4

	
58.6

	
77.4

	
48

	
58.2




	
FLO+1-NP

	
107

	
96.9

	
100

	
95.2

	
97

	
63.6

	
60.3

	
55.5




	
FLO+2-NP

	
101.6

	
94.9

	
106.6

	
81.4

	
104

	
63.9

	
87

	
52.8
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